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Miss Winnie M. Morgan, Techmical Reperts Officer
« Bffice of Graais snd Research Conlrsc!s

National Aeronsutics and Space Administration
Kashingteon, D. C. 20346

Dear Miss Morgan: RE: SC-NsG-692/17-001-005

We are pleased to enclose the status reports for NASA Crant NsG-692/17-001-005
covering the period September 1, 1965 through February 28, 1966. This report
is made up of eight separate reports as follows:

1. The Measurement of [unar and Planetary pr. E., Brock Dale Physics
: Radiation
2. The Effect of Cravitational Fieids on Dr, R. K. Burkhard Biochemistry

Enzymatic Reactions Occurring in
inhomogeneous Sysiems

3. Analyvtic Studies in the fiearning and Pr. Herrill E. Noble Psychology
Memory of Skilled Performance

4, Optimization of Space System Design pr. G. F. Schrader  Industrial

- .- Engineering

5. Experiments with Ultraviclet Light Dr. C. E. Mandeville Physics

6. Width of Tracks of Heavy Iens in Dr. Hebert Katz Physics
Emuisions and Other Media

7. A linear Operator Anslysis of Single Dr, C. A. Halijak Electrical
Side-Rand Modulation System Engineering

8. Determinstion of Optimum Nozzle Contours Dr. James Bowyer Mechanical
for the Expansion of Dissociated fases by Engineering

HBethods of the Varistional Calculus

" Ten copies of this repoert are enclosed and ten additional copies will be included

the next two or three weeks.

If th ‘are any gquestions regarding this report or any additional information is
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needed please do not hesitate teo call.
[ 3
Cordially,
, el v
,1 ‘.;4,,««“ f F T e M
tt%éﬁ&'%f‘%sbsen. Secrelary
KSU Research Coordinating Council

cc: Mr. Johm R. Craig, Research Program Manager, NASA
Or. John Lott Brown, Chairman, Research Coordinating Councii, KSU
Dr. A. B, Cardwell, Director, Bureau of (eneral Research
Dr. Floyd Smith, Director, Agriculture Experiment Station, KSU

with the proposai for renewal of this grant which will be transmitted to NASA within
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THE MEASUREMENT OF LUMAR RADIATION
E. Brock Dale, Nepartment of Physics
KASA Crant NsG-692

The objectives of this research arevto measure cooling rates of
selected areas on the moon and to monitor tota) radfation through the
8-14u window from Mars, Venus, and possibly Mercury.

At the date of our last report (September 1965) the photometer
was in the final stages of construction. A description of the grosi
features of the photometer was included in the report. Since the date
of that report, we have been refining, adjusting, and testing the
photometer apparatus.

Photometer Details

The detector is mounted in an aluminum dewar, and cooled by a
Cryotip open cycle refrigerator. This arrangement appears to be quite
successful. We have given some thought to attaching pumps and surge
tanks to allow closed-cycle operation, and are awaiting the advicge of
the manufacturer. The most troublesome feature of the system now in use

I ..o -
dewar be usé. We intend o

is the necessity of evacuating th

install a small appendage-type ion purm with titanium booster.

A tracking device has been added. This consists essentfally of a
coated germanium disc set in front of the detector at such an angle that
it transfers the image plane to the focal plane of a bifilar micrometer
eyepiece. During a lunar scan, the telescope is held fixed relative to
the earth. The cross hairs are adjusted so that points on the lunar image
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are parallel to the crass-heirs of the eyenince. For each scan of a

given series, the movahle cross hair is held on a reference point of

known sclenocentric coordinates. The fixed cross-hair coincides with the
path being scanned. Thke selennceniric coordinates of points along the

path scanned are computec from knowledge of the distance between the
cross-hairs, the tire 2t from initial (or final, denending on the direction
of scan) contact of the detector with the maon's image, the gescentric
latitude and longitude of the telescope, o-d ephemaris and refraction

data.

The recording system consists of a low-noise pre-amnlifier, and
intermediate tuned amplifier with a half nowver handwidth of 20 CPS, a
phase-sensitive (lock-in) amplifier, and a recorder. The entire system
is tuned to the chopper frequency of 594 cycles per second. The {nter-
mediate amplifier was constructed when it was discovered that electrical
noise pulses (from switches, motors, etc.) caused the lock-in amplifier
to switch nhases, resulting in reversal of the polarity of the output
signal. A block diaaqram of the apparatus 1s shown in Figure 1.

As the photometer now stands, both the reference beam and the beam
from the object under surveillance underqgo three reflections and pass
through a coated Ge window and an 8.5 - 14.0 micron filter. The estimated
transmission loss of the entire system, inciuding teiescope, is 57 per
cent. The field stop in front of the detector has a diameter of 0.35 mm.
This is somewhat smaller that optimum since the diameter of the first dark

ring of the telescope diffraction pattern is 0.48 mm.
Performance

In figure 2, we have plotted the 8.5 - 14. micron flux through the
.35 mm. aperture for extended objects at temperatures from 100°K to 400°¥,
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assuring no transmission losses. Fiqure 3 s the record of a trial scen
scross *ie mocn, made with an intearation time of one second. The peak-to-
peak ncice fs about one third of the smallest chart divisicn, and the maximum
deflection, corresnonding to a termerature of 320°K is 15 divisiens. The
calculatad flux through our Systor for a body at this temperature, nealectina
transmission losses fs 3 x 1078 watt. This the noise-enuivalent nower of the
entire system is 6 x 10-!0 watt. This is equivalent to 31 peak-to-peak
temperature varfation of 2° at 400°K, 4° at 2300°K, and 15° at 200°%, It

i{s equivalent to the total sional at 185°K when used with cur present optics.
This represents a signal-to noise ratio sufficient for measuring the
{1luminated parts of the moon, but it is not adequate for measurements

beyond the terminator without sacrifice of resolution.

The signal-to noise ratio could be improved by increasing the diameter
of the detector aperture or reducing the size of the image, or “oth. Thus,
althouah the ¥nstrument as it stands is not suitable for planetarv scanning,
it {s avite adequate for measurement of total radfation from Merzury, Venus,
and Mars, boecause, for this purpose, the effective aperture of the detector
needs to be about nine times its present value in order to accomndate the
entire disc of Venus and Jupiter. In the coming months of this year, we will
continue to work toward improved detector sensitivity, but will proceed
with the relatively simple task of reavising the ontics to increase the

detector aperture.
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Semi-annual Report

for

NASA Project NsG-692

"The Effect of Gravitational Fields cn Enzvmatic

Reacticns Occurring in Inhomogeneous Systems"

prepared by

R. K. Rurkbard, Principal Investigator

March 24, 1966



Studies involving centrifugation of enzymatic systems have been
continued. Data obtained durinz the past six months indicate that earlier
conclusions were incorrect. The effects noted earlier were thought to
be due to some factor other than a rise in the tesperature of the
centrifuge rotor. This conclusion was based on a knowledge of initial
and final temperatures of the rotor and the temperature dependance of
the enzyme employed. Much of the earlier work has been repeated using
a centrifuge with which it is possible to maintain better control of
the rotor temperature. It has been found that if the rotor temperature
is kept constant the previously observed effect disappears.

A study has been made to determine how easfly a soluble substrate
can enter the mitochondrial pellet which forms during centrifugation,

It has been found that when the pellet is formed at 3000 x g the
substrate can still enter the pellet rather easily. This is not true,
however, when the pellet is formed at 100,000 x g.

A study has been made to determine whether the increased hydrostatic
pressure which accompanies centrifugation will affect mitochondrial
activity. No such effects were observed even up to pressures close to

a hundred atmospheres.




Analytic Studies in the Learning and Memory
of Skilled Performance

Merrill E. Ncble
Department of Psychology

RASA Grant NsG 692

During the six month period ending February 28, 1966, one
additicnal experiment was completed. Results cof earlier research
done under this grant on visual acuity in the peripheral retina
suggested that a wider range of interstimulus intervals than has
previously been investigated was needed. Conseguently, 20 inter-
stimulus intervals from 0 to 700 milliseconds, were emplioved in
an investigation of the relationship between interstimulus inter-
val and the ability to verceive the coincidence or non-coincidence
between lines presented to the peripheral retina (4.75° nasal) of
the right eye. Trained subjects reported which of two vertical
lines was nearer, using the method of constant stimuli. The data
cf this experiment are now being analyzed.

The next experiment, which is now underway, will investigate
the effects on vernier acuity of two visual forms, closed and
open triangles {(i.e., triangles and V's). Work conducted last
yYear indicated there was greater vernier acuity with the closed
triangle, and we now are following up this lead, which has inte-

resting theoretical as well as practical implications.




Manhattan, Kansas 66504

Deowartment of industriel Engineering
Engineerng Shoos Building

Yarech D4, 196€

Pesearch Coordinating Council
Kensas State University

Cemi-Annual Progres: Report - NASA Grant No. NSG-692

Ti<le: Ortinization of Crace System Desipgn

Princival Investigator: Dr. G. F. Schrader

The work accomplished an?d prorress made on this project during tihe period 9-1-65
to 2-20~ti {¢ summarized as Tollows:

Consistent with the rrevious work done under this grant in tne development
ani application of optimization methods to aerospace systems design,

emj h.asis during the rast six months on this project has been placed on

the development or modification of cost/effectiveness models applicable
to space programs.

In consideration of the high development and operation costs incident to
tie fulfillment of space program objectives, eveluations of proposed systems
musl ve undertaxen before a decision can be made to produce a given system.
Comrarisons must be made of alternemtive systems in terms of fuidelines and
oblectives of the overall space program and particular mission requirements.
In crder that valic comperisons might be made, an analytical approach must
te developed which involves performance measures common to the system under
study e=nd constraints particular to a fiven program. It is also desirable to
nave within the methodolcry 8 procedure to find the most effective progran
or programs which, when used in proper sequence will result in an optimal
allocualion of funds.

]

Part of the activity on this project to date hes involved an evalustion
existing cost/effectiveness models and procedures to determine their applica-
bility and manipulatability in so far as optimization methods are corncerned.

For example, the Air Force Systems Command has a method, developed by WSEIAC
(weapons System Effectiveness Industry Advisory Committee), which is used to
evaluate the cost and the effectiveness of a proposed system. The main ob-
Jective of this method is to obtain as efficient a defense posture as is possible

within the constraints of cost and effectiveness. NASA has developed a program



posseasing some similarity to the WSEIAC system, but with differences in so
far as measures of performance are concerned. The objective of this study

is to develop a more effective basis for cost/effectiveness optimization in
terms of the performance characteristics required in a non-defense oriented
space program such as NASA.

Work on this project has reached a stage of development wherein cost and
effectiveness functions, and equations representing RASA programs are being
formulated in such a way as to permit the application of cost-effectiveness
approaches in the analysis of an integrated space program. These relation-
ships are being forrulated in such e way as to permit the application of the
discrete maximum principle approacih to optimization.

Concurrent with the above study, certain specific problems presented in the
WSEIAC system are being reformulated for purposes of optimizatiorn through

the use of the discrete rmaximum principle. One problem in particular involves
7eignt allocation between guidance, warhead and penetration aid components so
as to maximize effectiveness of the final missile stage.

During this period, work was completed on a phase of activity concerning the
application of Pontryagin's maximunm principle to the optimization of simple
discrete multistege stochastic processes. The results of this work have been
summarized in a Kansas Cngineering Fxperiment Station Special Report No. 6k
entitled "The Stochastic Discrete Maximum Principle for Simple Processes."
Further work is anticipated on this to expand the concepts to more complex
systems involving probabalistic elements. An attempt will then be made to
adapt this approach to the optimization of systems cost-effectiveness models.



Semi-Annual Report of the Work
of
NASA Grant NsG -~ 692

Experiments With U1traviolet Light

Principal Investigator: C. E. Mandeville

Kansas State University

Manhattan, Kansas

24 March 1966
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wWriRg The Period § >eplemoer L0 <b redIuaTY 1900, (A8 equlj@sut
relating to the project has been {mproved by addition of

1. A Fluke High Voltage Supply.

2. Servo-Tek constant speed motor system, variable in rotation

frequency from 30 rpm to 3600 rpm,

3. Introduction of ultraviolet sensitive photomultiplier tudbes

as detectors,
4., Emitter-Follower circuits for {mpedance matching purposes
in treating pulses from photomultiplier tubes,
At present on order is an additional constant speed motor and a specially
constructed photo-detector which responds only to the ultraviolet,

The above cited equipment {s being utilized in a study of ultraviolet
and visible 11ght generated by the relative motion of contiguous surfaces.
of mercury and glass. A ball of corning 9741 glass, containing Hg and
He 1s spun by the constant speed motor; the light output is measured by
the photomultiplier tubes. The pulses of light emission are observed
upon an oscilloscope, and at about 480 rpm, are found to decrease
abruptly in height, Thus decrease in pulse height and light emission
may be in some manner related to the transit time of electrons from Hg
to glass. As the time of rotation of the ball approaches the transit

time, the 1ight emission decreases.



NASA Orant Nsg-692 Progress Report 15 March 1966

Width of the tracks of heavy ions in emulsions and other
media, Robert Katz, Principal Investigator

Emulsion stacks exposed last surmer have been scanned
and are now being measured. A new measuring technique is
being employed. In previous work images of the tracks were
projected onto a screen and were traced manually to obtain
the track area. At present, photographs of the track are
being made onto 70 mm film, and these are being enlarged onto
paper rolls. The enlargements are then traced manually by
several observers. Their determinations will be compared.
Arrangements are being made to expose additional emulsion
at the Berkeley HILAC to a beam of known heavy ions, and to
the cosmic rays in a balloon, through courtesy of Prof. Peter
Meyer, University of Chicago.
The following papers have been presented:
Randomness, Robert Katz, Bull. Am. Phys. Soc. 11,113(1966).
Simulated Radiocactivity, Robert Katz, Am. Assn. Phys. Teachers,
New York Meeting, January 1966.

A paper entitled Transverse Distribution of Ionization
Ener§y , R. Katz and J.J. Butts, was submitted to the Physical
Review.

A paper entitled Theory of RBE for Heavy Ion Bombardment
of Dry Enzymes and Bacteriophage, Robert Katz and J.J. Butts,
has been submitted to the III International Congrees For

Ra&iation Research, Cortina D‘Ampezzo, Italy, for presentation

26 Jne- 2 July 1966.
Copies of the abstracts and the paper are attached.



Simulated Radioactivity ®*. Robert Katz, Kansas State University.

An "experiment” to simulate radioactive decay is easily performed

with a table of random numbers or a random number generator. In this
simulation a set of "nuclei” are imagined to be indexed consecutively.
Random numbers are drawn sequentially. The Appearance of the index
number of a particular nucleus is interpreted as a signal that it has
disintegyrated. A plot of the number of residual nuclei versus the
number of draws yields the radioactive decay curve, with fluctuations.
The procedure is a precise realization of the conventional probabilistic
derivation of the radioactive decay law, if indeed the random number

generator is truly unbiased.

* Supported by NASA and NSF grants,

For the New York Meeting, AAPT, January 1966




BULLETIN
OF
THE AMERICAN PHYSICAL SOCIETY

1966 Annual Meeting at New York o  26-20 January 1966

562, Randomness.® Ropexy Kavz, Kansas Swle Lnawnﬁy
~The word rondom has an evasive meaning. Though it is

oroperly zpplied only 10a process, there Lsaoway to evaluate
the randomness of 2 process except through it product
Simulation techniques depend on the likelihood that the
cutput of a particular radi generator could have occu
{with good probabill from an ideal perfectly random
generator. A new i:em.cwd 125t has been devels pcd‘ based on
the binomial dist .y;mo.., that appears to be a uselul sugple-
ment 1o tests currently in use. A perfectly random generator
?;as a probability identically egual to 107 of drawing any
one a-digit number. We find the actual tally of ¢ times re-
peated numbers alter » draws, and compute its deviation
from the expccwd zally (derived from the binomial distribu-
ton) in units of the standard deviation. These guantities,
x(n,1}, and the sum of their sguares, x*{»), may be plotted
against u to reveal sysiematic defects in the generator. Al-
gern.ati\'eiy, arbitrary bounds on x or x* s may be pmgrammed

o ~ v 4 A D s S SN _r
into & computer o frim away suck dfecs in e Suiput & a
pseudorandom generator.

* Work supported by the National Acronautics and Space Administration
and the National Science Foundstion.

Ssrigs I, Vor. 11, No. |

113
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'CORTINA D'AMPEZZQ (Belluno)), ITALY
- 26 June = 2 July, 1966

THEORY OF RBE FOR HEAVY ION BOMBARDMENT OF DRY BNZYMES
AND BACTERIOPHAGE.

ROBFRT KATZ AND J. J. BUTTS

Eansas State University, Manhattan, Kansas, U.S.A.

"he response of dry enzymes and bacteriophage to heavy
ion bombardment may be predicted from their response to
y-ray irradiation, without any assumption of molecular
size or structure. The computed inactivation cross-
sections are in good agreement with measured values for
the enzymes P-Galactosidase and Trypsin, and for T-1 and
{X~-174 phage, as reported in the literature, in bombard=-
ments with ions for which Z ranges from 1 to 18, at B
from 0.065 to 0.145. For these substances the value of
D-37 for y-rays ranges over iwo orders of rmagnitude, In
these bozbardments the inactivation cross-section ranges
over five orders, and the IET over two orders of magni=-
tude. The average deviation of theory from experiment
is less than fifteen percent. BSince,Z and 3 are suffi-
cient to determine the 1EY, and with D-37 are here shown
to determine the inactivation cross section, the present
work yields a theory of RBE. In the 1imit¥ of large B
and large D-37 we find that the RBE sapproaches one. In
the computation the response of these substances to both
vy-rays and heavy ions is tuken to be through secondary
electrons. The ionization dosage delivered by a passing
ion is cylindrically symmetrical, snd is strorgly depend=~
ent on the radial distance from the ion's path. We com=
pute the dosage function at speed Bc (and effective
sharge 2") of the passing 1on from a) the delta ray
cistribution formula, b) en extrapolated range-enexngy
relationship of the form x = kw (with k = 10pzm/cn“keV),
and ¢) an assumption of normal ejection. Scattering is-
assuczed to be accomodated by the rargs—energy relatione
Water is taken to be a good approximation to bilological
watter. Applying the one~hit y-ray inactivation formula
-0 the computed dosage distribution we find the probabil=
ity for inactivation as & function of r. Integration af
the probability over all r yields the cross-section. In
this calculation all knowledge of the size and structure

of the molecule is thought to reside in the y-ray D-~37
dosee

Work supported by the National Science Foundation and the
NXational Aeronautice and Space Administration.
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Submitted to the Physical Review

Trangverss Distribution of Torization Energyt

Robert Katr snd J.J. Eutts
Kinsas State Usireraity, Yenhattan, Xensas

A simplified theory of the siatial distriduticn of
ionisation energz, appropriate t~ transversme distances of
adous 50—500*’.}“.'3 y Lax Be2n varifi~l My ume of radiodbiclogicel
data, The responce of bacteriopinge and enﬁyzsss to heawy
iom irradistion 1s shown i¢ be predictable from their
response to. vy irresdiations.. In iiis regiom -the range of.
electiuns ‘appedrs.tm be directly proporticnal to Sheir
mergys

I. Introductiom.

An earlier study' of the tracks of hesvy ions in °
electron sensitive emulsion has been applied to the
conditions appropriate to a biological medium, in ordew
to take édvantaga of the considerabls body of data on She
interaction of y rays and charged particles with these
materisis. EKnowledge of the sensitive response of
photographic eaulsion is rether unclean, owing in part
to uncertainties in grein sisze, composition, axd prior
ﬁcatunt.- On the other hand bvectieriophage qd 3nEyEoS
are extremely unifara, and their response to y irradistiom
follows sn exponential law in which the: survivall may be

! swpperted by MABA and MR Greats
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characterisad by thae 387 desages, o dcemage at which

37 perceat (1,e) of tlLo sopulation retains 1i¢ biological
function. Irradiation of these materisls with beoams of
abarged particles again i~adg ¢t~ an txvonential: survival
cuxyr {rcm =h'ch @& ocharacteristin. rearazeter, » ,the aross
secticn for ipeciivasion may ve odbiained,

Tecause of ‘ks gr:fﬁtar unifornity, the emallery grain
sige (down to moleculsr dilmensicngr, end %ha availability
of énpiricaL.kncxlodg' ol the sansitivity aof basteriophage
axi encyzss, thecs. substancesg are ‘dsslly suited to tegt
the theory of trsnaverca distridution of ionization ensYgY.
Indeesd the relative insensitivity ¢f these biologiocsl:
materinis, thet is, their small inantivation ocross santkions,
leads to 2 direct and simple calculation. .

Prom the viewpoint af the radicdbiologiat, the present
Teinterpretation of his data constitutes & new theory of
S2e inastivetion croes section. Indeed we will show that

can e derived from D37 without any further assumption

[ 4
_-_!neut the o wrea Sewma ef th

IX. ‘Ihoory.

The simplest dilalogical materials are thought toa consist
of Targets” , or sensitive units, imbedded in a passive
matrix. We consider here only "one-hit™ precesses in



dry materials, in whizh a single ionization within the

”

sens: .ve uzii {ler, a singte uw.oen ile whics loses ilium
fune * - i¥ ~ce of sos R R I T T D X T
i%e 1 = vrousLility L v inactiveinn zay be d-o cibed uy

el
o

the ~iecon Toveulat L ogndey e oo G021t proecesa .oiluces

to . .
Vow e exp( .a.‘\A{'-"”) . (1\

whars . 48 %k Accaca of vapiiami- At ihabed L emdratiang

@nervw. g | oLus doccea fo T sarcent suzvlenl.
Bip~e e 4w 0 i 0 Ay e Trrnotnd croargred "
is Spmingh muordire eiseseona. o inZer that. Bc.(1) ie

equel’ . apnlizable %5 " agh proces o, apd Ythat creexved
Qiffcr noer i racnor s te thapy M Cfanans irre”inticns

BX® b ise 02 the Aiffrcont spetirl dfistributica of the
loni.:ilea »ua. s j.

1o vhe dozene of lovizaticn toargy 4e I owithin o ehell
£ thickness iz &t »ulvr x from tie ion's path, i

ineciiviotlon cvons rectica |, o psy be found as the

Interyrotd Amtstlvaidon srobenilic | ar

o
o = \P 2rxrxdr (1 - exp(-D/?37) Y o (2

To f£ind D we note that we ncec a Tange—-energy relestion
for electrons of energy less then a few keV, In the
absencs of saveilable data, we have extrapolated the
Tesults of Ksnter and Btornglasu3 for aluminum in this
snergy regien to odbtain



Tekw, (3)

shere k = 6,230 n/uzorg (=1 na/cnaiﬂ).
Ue make use of the conventicnal delta rey distridubiom

forsula 2
dn-o§2 % ‘ *
Iy
where 0. 227 ; (5)

which gives the number of delta rays per unit path length,
dn, having energy between w and w + dw, produced by an
ion of effective charge Is maving with speed fs, where
» is the electronic mass and ¢ is the electronic charge,
and ¥ is the number density of electrons in the material,
We approximate diological mattex by waten, for which
N = 3.35 x 10°° electrons/gm, and density 1, and assume
that the range snergy curve for electrons in aluminum is
equally valid for water,
Charge pickup is taken into account through an expression
froa Barm‘ giving the e¢ffective charges of an ion in relstioa

t0 1ts atocic number %' and its speed fo, us3
Ze = Z'e( 1 - exp(-1258/2'2/3) ) .  (6)

The data to which the preseant calculatiorns sxe
coaparsd ware obtaired with ions for w.ich 3 ranges from
0.065 to 0,145¢ In these cases the deltes rays of energy
below 1 keV, which are of primsry importence here, may



be considered to be ejected normal to the ion's path,

fron sl-mentary kinematic considerations. Taking v

Co be the energy of the delta ray of range x, and

“oax 2m025%y2 to ve the range of the most energetic

dalta reay rermitted by kineaatics ox collision betweem

a2 free electron and an for =oving with speed 3q, we f£ind the
humdber, i, of elestrons psssiug thrcugh the cylinder of
thiockness: dx and radius x coaxial with the icn's path te

be
J

2
n.-S.mam-c,?iz(f‘--—f‘- Y « (™
x B x Yasx

The ionization energy per unit volume delivered to
this ghell of rsdius x, the doss D(x,B,2), is then obtained
fror Eq.(3) and Eq.(7) es

aw
M dx 2
D(x,B,7) = ..!i;f_.. c §2 11y, (8)
2x x dx g 2xk X R

shere N = k w__ i the range of the delta rey of

X
maximum -ner’gye.  Linits ou the vuliditr of Eq.(8) may
bs uxpected to <rclsn frea electron bindaing, aaw froa
failure of tre sxtrapoliier Iorm af the renga Snergy
relacicnship. Ye e3tiazats the expressiom to be valid
between =) ard 5000 E .

Attcr substituting the exprsssion for docage distributicn

from Bq. (8) into Bq.(2), a value or D,y 18 assigned by




trial and Bq.(2) is integrated numerically until values

of the oross section reasonably close to experiment are
obtained, Note that in Eq.(g) x 1s gensrally much less
than R, in the cases of interest here. Por valuss of x
®much smaller than R the dose is indepmndent of the constant
k of the range energy relatian, Eq.(3), #c that precise
knawxledge of this —elation for slow electroas is not
required in the dose computation or in the camputaticn

of the oross section.

IIX. Reswults,

Experimental rasults and their comparisont with
theoxry cre given in Table I. The data were rerorted by
Dolphin «nd Hutchinsan’ , and Shambre: and Eubtehinsan®
froa ‘.oik with tie Yals Heavy Jon hccelerator, and by
Pluke, Brueted ond Pirge’ , with the Berkeley HILAC.

The table gives the velus of B, 2' and ¢ fcr esxsh
irradiatior. &3 well sa o .pevimental voluss of the 337
dose for ercu . tht Locl iClucnBEEL T~ ana =174

end Lthe ensyun - ¢ Calsci.o: 1dese o3u Lx¥yroin in which
WOTX W2E Ieo0r v

Cne may estimats thst the errcr in the experimental
crozs sections ‘0 or tre srder of 40 Lercent. zxperimantal
values of 037 Bay bavs gosaver urcsrizinty. or exaxmple,

w Y. hv'w—c.q M‘A“t ‘(A-t.' )
the eported DS? decge for Gaeo'}rrgdiationwof T-1 phage



ad
ie Sosx40? orgs/gn 6 A #x107 ergs/ga 8 ( and 2.3«10?
orgn/¢1.9). scgording to the refersnced observers. The
average of these values is 3.9x107 ergs/ga, whick compares
tavorsbly with our adjusted valus of 3.5x107 erss/em »

IVe Discussion.

The overall agreexent between theory and sxperiment
1s quite good, in view of the simplifying assumptions
used in the caloulations. 1In sll calculations the slectrom
density of water was used &8 an approximation to the electrem
dsnsity of ths biological material. A range-energy
relation ext.;agolated from deta on the penetration of
electrons in sluminum wsea applied to water, The initial
direction of tihs delta rays was taken as normal to the
ion's pat., an assumption whose kinematical validity
rea.s upon wetk collisions vetween ions and free electronse
Both ir tais sssumption regarding the anguler distridution
of ©e low enargy electrongs and in the applicatica of the
delta ruy diszridutica for.ula, free electrons are assumed.
burely for dzlta rays of tue lowest energy waich were
inivially eercoiited with the Oxygen L-shall, the bounds
of cradibility aya etrainei. Neverthsless tne negiects
in the Uh:ooiy o zot appear to excced the uncertainty in
the exyperimenval daiz, aad izdeed tee interjretation cf
the rediobiologic=l data hsa Deen geatly clarified.



The basic procedures used here are the same as those used

in the computation of the width of tracks in emulsiom,

ard serves to errcborate then, We anticipate that

Eq.(G), which gives the range of electrons of very low

energy, and Bq.(§) which describes the transverse distributiom
of ionisation energy about the path of a charged particle

may Da of interest in other radiation damage studies.
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A LINEAP OPERATOR ANALYSIS OF A SINGLE
SIDEBAND MODULATION SYSTEM

Charles A. Haliiak
Depatrement of Eicctrical Engineer ug
NASA NsG-u92
This investigation utilizes two linear (as distinguished from
te general bilinear) multiplication cperations as basic tools. If f{t)

15 a4 given ‘unction ot exponential order, then the required linear

operatoers are:

fltY cos 4t = Re f(s*jw) = CI;
f(t) sin wt = Imf(s-jw) = SI.

Here, {(s) is the I.aplace transform of f(t). These C and S transforms
adequately describe double-sideband-suppressed-carrier modulation and
naturally lead to a description of single-sideband (SSB) modulation.

An existence theorem for an ideal SSB modem (short for modu-

lator -demodulator) has been discovered.

THEOREM: If the input signal is f{ij*cos m t and (g g, 18 a transfer

operator matrix, then the following block diagram

] m/(1+s) ¥ ~*1/m

I C-S |chan- | €S
nels +

| .I N scC sC
s/(1+s) '—_"‘—__

o



hga an output g identical to the special input signal T=-/(oz+mz) and
both channel signals are pure uppcer sideband signals. Moreover, if
m is fixed in the diagram but f(:)=cos n t and n is different from m,
then each channel signal is contaminated with a lower sideband signal.
Lengthy algebraic calculations have yielded an unexpected re-
sult; namely, there exist common factors in the amplitudes of the
upper sideband signal and contaminating lower sideband signal sc that
a simplified amplitude ratio is possible. Studies are continuing for
determining normalizations for best description of this amplitude ratio.
A literature survey has been initiated and these results seem to

be novel and fundamental.




BETERMIBATION OF OPTIMUM NOZZLE CONTOURS PR TEE EXPANSION
OF DISSOCIATED CAS BY METHORS OF THR VARIATIONAL CALCULDS

Dr. James Bowyer, Jr. Mechamical Engissering Depsrtasat
RASA NeC-692

Third Seai-annual Report
(Fizst Semi-annual Report of Second Year)

Since the end of the first year's activities and the completion of the Ph.D.
thesis of R, P. Berns contitled, "Optimmm Nozzle Contours for a Dissociating Gas
with a Catalyst"”, relatively little has been done toward extending these results,
A more comprehengive report of last year's activities is still being prepared. An
sbstract of thzse results will be submitted to the papers coamittee of the XVIIth
International Astronautical Congress for presemtation in October, 1966.

Because the resezarch activities of this principal {nvestigator are closely
supported by the Fh.D. candidates under his directiom at a particular time, a
research effort by Mr. Bong L. Koh entitled, "Supersomic Base Drag in the Presence
of Base Burning™ has been supported by NeG-692 funds during the past six month
period. This support is justified on the basis that the subject of Mr. Koh's
thesis is of considerable current interest in aerospace operations. Mr. Koh's
thesis is an extension of the Ph.D. thesis of L. R. Davis entitled, "The Effect of
Chemical Reactions in the Turbulent Mixing on the Dynamics and Therwmodynamics of
Wake Flow Fields". Davis' thesis was written at the University of Illinois under
the direction of Dr. H. Korst. A related study was completed by the principal
investigator of this project; this fact explains curremt activities in this area.
The thesis associated with Mr. Koh's and the principal investigator's research
will be defended during this spring semester and will be submitted as a report
of activities completed uader NASA Research Grant NaC-692.

Mr. Norbert Demske, another Ph.D. candidate and advisee of this principal
investigator, has receuntly compléted his preliminary examinations and is commencing
study of the prisary subject of this research grant. Mr. Demeke is well prepared

for the study of the dyosmic problems involved im the optimization of the nozzle



.z-

contour in the case of 8 chemically reacting gas flow through the mozszle. It

is anticipated that the principal investigator and Mr. Deneke will resume
research of the "Determination of Optimum Mozzle Contours for the Expamsiom of
Dissociated Gas by Methods of the Variational Calculus" imsmediately and that this
research will proceed in the direction indicated in the proposal for this second

year's activities under this Grant.



